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..g 2 : Weathered Soil [Mohr-Coulomb]
----- 17 3 Weathered Fock [Mohr-Coulomb]
B 4 - Soft Rock Mohr-Conlomb]

----- =i Btonctoral Property

Model Type : Mohr-Coulomb

Diatabaze ... Add Modify Dielete Clase

R T RSBEA

Modulus of Elasticity(E) Unit Weight(y) Unit Weight(Saturated) 2
- (KN/m?) Poisson’s Ratio(v) (KN/m?) (KN/m?) Cohesion(C) (KN/m?) Friction Angle(d)

Alluvial layer
Weathered Soil

Weathered rock
Soft rock

8000 0.35 0.658
36500 0.33 18.5 19.5 17.5 31 0.485
150000 0.3 21 22 50 33 0.455

18500000 0.28 24 25 180 35.5 0.419
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ModeUEE>Property Ground Wiatrial Dotabase SEEY1.1schist# 128 7] :

Database 1.1 Schistl Select A1 Tnzelect A1
Modulus of - - Saturated - - - Internal
No. Soil Type | Elasticity ”&ﬁﬁ:,{%';t Unit Weight | PGoon S (E‘r’q'}ﬁ!i’;') Friction | Select
(kN/m~"2} (kN/m~3} Anale
1 | andfill | aver 13000 18 10 133 ] 27
2 | Alluvial Layer 8000 17 18 0.35 15 20 v
3 Weathered Soil 36500 18.5 19.5 0.33 17.5 31 v
4 Weathered Ro 130000 21 22 0.2 a0 33 v
5 Soft R_J:lck 1850000 %4 2_5 D.%B 180 35.5 W
:Diﬁ"EGmmMate,ia.p,wﬁgy””’"" A ) [i] Hard Rock 17300000 20 27 0.23 1730 40.5
‘ Data. General |
| D | Hame ju 1 Name | B
‘ Model Type Mohr-Coulomb ~ > E
General Parameters Additional Parsmeters i:/tEHy N O 2~ N 0 5
Madulus of Elasticity (E) 20000000 kN/m"2 Variation in Modulus of Elasticity 0ikN/m~2
Poisson’s Ratio (u) 0.3 Variation in Cohesion 0ikN/m~2
Temperature Coeff. (a) 1E-06 Reference Height 0im
Unit Weight (Y1) 20 kN/m~3 Dilatancy Angle (W) 36 [deg]
Saturated Unit Weight 21 kN/m~3 Tensile Strength 2000 kN/m™2
Cohesion (c) 30 kN/m~2 Calculate Safety Factor (Mohr-Coulomb)
Internal Friction Angle (®) 36 [deg] Cohesion (c) 30 kN/m~2
Earth Pressure Coeff (Ko} 1 Internal Friction Angle (@) 36 [deg]
Draining Condition Drained -
Eeset Save Model Tvpe Mohr-Coulomb b Aszion Close

SoilworksM%lSHE SERK AR T

El.@ Propertr
EIEQ Groound Material Property
[ 1 Allwvial Layer Mohr-Coulomb]




ModelZEE>Property

‘M -Pipe

Section Data Maferial Diats,

General i a
ID 1 Namsz  Pipe Section Data  Material Data
Element Type Beam - wection el
Stend ard HONE - Section :
Horizontal Spacing 1000 m H 0.02im Pro perbes
gechion B 1'm Modulus of Elasticity 230000000: kNfm~2
Shape Rectangle ~ [ Tapered Section : - . 03
r i F Stiffness Calculab F’DI.SSD n-s Ratio : .
Area 0.03:m~2 Unit \Weight | 24: kN/m~3
r B—r ly 0.000002: m~4 Ther-malﬂuefﬁc:lent g.o00o012
[ Zy 0.00015: m~3 Design Strength .
H : : e
L Ry 0.00866:m Yield Strength 400000 kN/m~2
Section Tser Defined w
Tser Defined
Material
Material Type Steel w
Tser Defined
Steellrrade ser Defined R

RIS T RSBEA

Rectangle
(H:0.03 m, B: 1 m)

Pipe Beam 1

Modulus of Elasticity(E)(kN/m?2)

Poisson’s Ratio(v) Unit Weight(y)(kN/m?3)

BT

P
%,

oy A
R 230,000,000 0.3 24
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AY
ModelZEE>Property
Ceneral Section Diats  Material Data Section Dats  Material Data
ID 2 Heume H-File
Element Type Beam “ Section ® Steel
Standard NONE v Section Properiies
Hozonte Specing L H 0.298 m Modulus of Elasticity 210000000 kN/m~2
Hection _ B1 0.201 'm Poisson's Ratio 0.3
Shape H ~ [ Tapered Section Fr 0.00%9:im Unit Weight 77 kNfm=3
U Type t1 0.014:m Thermal Coefficient 0.000012
T_B]_T:Itfl B2 0im Design Strength
[ 2 o;m Yield Strength [ P40000] knjm~2
H o Stiffness Calculation
L Area 0.008058: m~2
Itz
- by 0.000128 m"4
_ Zy 0.000861: m™3
Zection Tser Defined -
Ry 0.126201:m
ser Defined
Material
Material Type Steel R
Mser Defined
Steellrrade Tser Defined e

HRIE T RESBEA

H-Pile Beam 1.8 (0.298x0. 201x0 009/0.014)

'gﬁ{n:l:iziﬁaa‘ Modulus of Elasticity(E)(kN/m?2) Poisson’s Ratio(v) Unit Weight(y)(kN/m?3) Yield Strength(kN/m?2)

e &
%, &
2% S
orm, gyoes™

210,000,000 0.3 77 240,000



2= B M -Anchor

AY
Modeli# & >Property
General
D 3 e hor Section Data  Material Data Section Data  Material Data
Element Type | Embedded Truse 9l
Standand NONE v Becton Steel Wire
Horizontal Spacing 27 m -
Section Stiffness Pro pe rhies
Shape Strand = Area . 0.000395:m*"2 Madulus of Elasticity 200000000 kN/m~2
1T Type Poisson's Ratio 0.3
Init Weight 77 kN M3
Thermal Coefficient 0.000012
De=sign Strength
Yield Strength | [t570000}kN/m~2
Bection Tzer Defined e
e Defined
Material
Material Type Srand o

et Diefined

_F Q @ A Strand Grade er Defined w
J VI %-é @é

Anchor Embedded Truss 2.7 0.00039484

Modulus of Elasticity(E)(kN/m?2) Poisson’s Ratio(v) Unit Weight(y)(kN/m?3) Yield Strength(kN/m?2)

200,000,000 0.3 77 1,570,000
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Anchor Element

(Truss Element/Embedded Truss Element)

Truss Element

Truss elements are a 1D line element defined by 2 nodes.

They are generally used to model space Trusses or diagonal braces that have
a relatively longer length than the cross section. It is generally used for
modeling structural elements such as anchors, nails and rockbolts, which
ignore flexural behavior.

Embedded Truss Element

Embedded truss elements do not require node sharing and are hence more
convenient for modeling and analysis. Embedded truss elements are used in
an embedded form inside a mother element, and the mother element can be a
plane strain element or a solid element.

M., ¢,
4 2 Mother
element 2

1

Mother
element 1

Truss Element Embedded Truss Element
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. ﬁ Stsgel:l Imhﬂl Lazt Btep [Load Factor:1.00]
! i] Stagel. Pipe-Last Step [Load Factor:1.00]
ﬁ Stage2. Wall and Pressure-Last Btep [Load Factor:] 00
ﬁ Stage3 Excavation 1-Lazt Step [Load Factor:1.00]
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- i) StageS Excavation 3-Last Step [Load Factor:1.00] . : SoilWorks®
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(Interface Elements)

[Normal stiffness modulus (Kn)]-7E [ H|EEE

Is the Elasticity modulus for bonding and un-bonding behavior in the
normal direction to the interface element.

The generalrange is 10~100 times the smallest value of the Elasticity
modulus on the oedo meter of adjacent elements.

[Shear stiffness modulus (Kt)]-BI R EE S

Is the Elasticity modulus for slip behavior in the normal direction to the
interface element.

The generalrange is 10~100 times the smallest value of the shear strength
of adjacent elements.

1] Create Element  =v~ LinkElement ] Node Connection 77 Renumber |
2 Spring [!] Divide Element Element Details |
‘ Pile Element £2 Surface Spring <> Change Element Csys [ Table ’
] Element |
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Reference
GTS NX & FEA NX Manual
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. GTS NXFE T E MR (Interface Wizard)
© EHEREEAREIE (Kn)&U] Al (Kt)

* Virtual Thickness Factor EEtEEARE (t,)
. H7{EH0.01~0. 145 -
o MR RE FHE NGV - Virtual Thickness Factor (tv)

 Strength Reduction Factor5&E T4 E(R) Strength Reduction Factor (R)

» Sandy soil/Steel material = R: 0.6~0.7 ¥b+ /87 [ Dilatancy Angle 0.000
* Clay/Steel material =R : 0.5 5+ /§f+7 [ Consider Element Size
« Sandy soil/Concrete =R:1.0~0.8 b+ /51
e Clay/Concrete =R:1.0~0.7 f5+//8 5+
K =E,.q./t, K.: Normal Stiffness Modulus\(;‘iﬁlﬁ[ﬂ}ﬁﬁ%)
K, = Gi/tv, Kt:Shear Stiffness Modulus(ES ][] JE 5 &)
C.=R2C,_,, t, : Virtual thickness factor (@fﬁ@@%ﬁ&)
R : Strength reduction factor(5& E 7R E)
Here, C;: Interface Cohesion(#EH N EE 1))
Eoeq,i = 2XGix (1-v))/(1-2 xv))
G, = R*x Gy
Gsoil = E/(2(1 + Vsoil)
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(Stage0. Initial and Stage2.Wall and Pressure)
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| Constru x ] Input Type .
Ingut Type \ Tre Stk | | Tabie Sl | Simulate Each Staze Sp  Stage2. Well and Pressure ~ B Apply
Step Stagel Initial ~ E Lpply A1 Tnput Data Activated Data at Current Stage Deactivated Data at Current Stage
Al Tnput Data, Activated Dats at Cuurrent Stage Deactivated Data at Current Stage 1 @ Weathered mck 2 EI @ Mesh Set .
[ B Weathered S0l 4 [ 8 el [ B Meshset g :‘Ni‘;ﬁlm]?;zL i (Bearn) H-File
g ?;"‘z;l:::r ’ = B Westhered rocfk 3 i
B (Beam) H-Pile AC t Iiva t e d - Weathered Soil 3 325 Boundary Set
0 Levell Fised Lengt | @ Weathered Soil 4

evel2 Fixed Le . B Allwvial layer 6
g ieveﬁ EmadLIe’n;thgt *ﬁ%éﬁ%ﬁ I nte rfa c e- L I n k B (Beam) Pive |
- Level2 Free Length T Act ivate d

B Weathered rock 3

- ) Inerfare L
8 Woathorsd 3013 *ﬁ%éﬁ*ﬁ%l nterface _ L& _R

B Intedace B
Weathered Soil 4

52 Boundary Set
@ Boundary Set

E1-{*" Load Set = I
by Self Weight ; -EF Interface-Link ‘ ‘
% Pressure Load gos Boundary Set

= 5% Prmndary et
% Lewvell Prestress Load Set i

Lol e g . - Deactivated

| mlmmie | Bt — HrER A9k EEInterface-Link

131313131313 13121313 131313131313

Close

T ITTTT

SERRRARRARAREREA

LT 1

11




FETLEINTEER

iR P& Ee e EIE
B 64H SR

Excavation Stage5 Excavation 3-L.. -

Horizontal Displacement (... -

Deformed Shape ... Horizont... - Apply immediately

BRI ES

! ﬁ Shage[l Imﬁal—Last Step [Load Factor:1 .00]
ﬁ Stagel. Pipe-Lazt Step [Looad Factor:1.00]
ﬂ Staged Wall and Presure-Last Step [Load Factor:1 00
ﬂ Stage3 Exvavation 1-Last Step [Load Factor:1.00]
ﬁ Staged Excavation 2-Lazt Step [Load Factor:1 .00]
Elﬁ Staged Exvavation 3-Lazt Step [Load Factor:1 .00]

--Lf.-l Beam Element Forces

L';':.-I Beam Element Stresses

ﬁ Ground Elemnent Stresses

- gy Gromnd Element Strains
- gy Ground Element Plastic Straing

Works|Resuls Designand Report|

SmIWorks

+9.4131 Be-004
+8.18157e-004

+6 94987004
+5.715838e-004

+4 4867 8e-004

+3 2551 8e-004
42 023588-004
+7.91992e-005

T4 396048-005

- -1 67120e-004
2 90250e-004
-4 13439e-004

. -5.36598=-004
- -6.59758=-004
-7 8291 8e-004

-8 0607 8e-004

T A 020248003

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

- aki: )i

=> l||4<<>>>||ﬂmr+]|

Soilworks_fEAEZES 2 5] 1 ﬁiﬁc TINT_ 2 ERE Part35HEITE



Part4. 551




Analysis | Design#ZE
) &

Desigh Options

e EEEE=HEME

Biermum's Allowable Angnlar Distance (1963

Options hlfll'::nn:::r Qg{i‘t:z?: Tonnel' | Adjacent Structre %ﬁ?&tﬁ?ﬁ% MacDonald (1956)
Design and Report Control | Mot ! —— 5 D & S T
© Allowable Angular Displacement ¢ 5 /43 1/ 750,000 i
() Allowable Settlement 0.025
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Alloveable Shesr Stress in Concrete Stoocture Tea= 0080 =4 fck (MPa)
Allowable Lxdal Btress in Steel Shochores fza = 0.500 =x iy ihdPa)
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* Soilworks /GTS NX
« Limit Equilibrium Method(LEM)-fi[E 217724 2D
e Stress Analysis Method (SAM)-J& 747874 2D
« Strength Reduction Method (SRM)-5& [E #7180 £ 2D/3D

pore water pressure, applied load shear force occurs
I earthquake load, wave load, etc. due to extemal load Step #4 reacting on the shear
; . step #3 shear stress strength of the slope(S)
step #1 geo static step #2 external force action within the slope
RS
F ==
- T
potential energy (W) w W
(self weight)
@ : Reference

%, & A
o
M o, o™ £ )

GTS NX/FEA NX/Soilworks Manual
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Limit Equilibrium Method(LEM)
(PR

PRV EA(LEM) - ST RUEBIE L BN RE SR IR - BRI » s Ry
H& IE‘F\YK%EEUE’J/ BT & S - AR A > TR e B TR R ZUHTE%EEEE 75 A5 A
{6 ZEAR S EEHEAIBERR AT (c) MIANEEER (d) -

The simplified Bishop method

pRACRMEHE » S MY AP ERRAHT
% 2 NP BB B BT R A 5 -

1 : )1 tancta
F—ZwsinaZ{{cfcoscx+(W—uIcosa)tan¢I{m—&H Where. m‘k=cosa[1+ nc; n¢]
b
k—
Xﬁ
W
. }[
y———» -« E
L 4—U

Rv//\
Reference
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Slope
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Limit Equilibrium Method(LEM)-fifE 274k

SoilWorks - & E [Slope Module]
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